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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the low-molecular-weight fibroin characterized by dissolving 
the amount fibroin of giant molecules in the water solution containing neutral salt, making a proteolytic 
enzyme live together, and a mean molecular weight making the polypeptide of 200-4000 generate. 
[Claim 2] The manufacture approach of a low-molecular-weight fibroin according to claim 1 that said 
proteolytic enzyme is characterized by being AKUCHINAZE, elastase, a chymotrypsin, SAMOAZE, a 
van creatine, a pepsin, a trypsin, renin, a cathepsin, and at least one kind of enzyme with which it is 
chosen out of good TAZE. 



[Translation done.] 



http ://www4 . ipdl .ncipi . go j p/cgi -bin/tran_web__cgi_ej j e 



12/5/05 



JP,06-292595,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing pH variation of hydrolysis by the elastase which applies this 
invention. 

[Drawing 2] It is drawing showing the infrared absorption spectrum of the low-molecular-weight fibroin 
obtained by hydrolysis by the elastase which applies this invention. 

[Drawing 3] It is drawing showing the gel filtration of the water-soluble powder obtained by hydrolysis 
by the elastase which applies this invention. 

[Drawing 4] It is drawing showing the gel filtration of the water-soluble powder obtained by hydrolysis 
by AKUCIDNAZE which applies this invention. 

[Drawing 5] It is drawing showing the gel filtration of water-soluble powder to change of the amount of 
AKUCHINAZE which applies this invention. 

[Translation done ] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the low-molecular-weight 

fibroin which can be used for edible, the object for physic, medical supplies, and cosmetics. 

[0002] 

[Description of the Prior Art] A silk thread is the structure with which the sericin adhered around the 
fibroin of a fibrillation crystalline region, and a sericin is removed by secondary elaboration, such as 
refinement, and it is used for garments as a silk fibre. The outstanding property is used also in 
applications other than this. It is made to various configurations, such as film, powder, gel, and a water 
solution, and the application used for edible, the object for physic, medical supplies, and cosmetics 
attracts attention. 

[0003] Since a fibroin consists of a native protein containing dozens of kinds of amino acid, it can be 
used for fields various in this way. The serine which occupies the glycine which occupies 45% of 
configuration amino acid, and 12% has the operation which controls blood cholesterol level 
concentration, and the alanine of the 2nd place promotes alcohol metabolism, and it is supposed that 
there is a preventive effect of Alzheimer's disease in a thyrosin. Moreover, it is said that secretion of an 
insulin is promoted. There are a silk drink of the playback fibroin solution obtained by dissolving and 
dialyzing a silk thread in a high-concentration calcium chloride solution, jelly which gelled this, paper 
food made into the shape of a film in such functional food. The food of such a fibroin is indicated by 
JP,1-256350,A. 
[0004] 

[Problem(s) to be Solved by the Invention] The fibroin currently indicated by this official report 
dissolves and refines the fibroin contained in a silk thread, molecular weight is 300,000 or more protein, 
and the digestion of it is hard to be carried out in the body in the condition as it is. For this reason, it is 
desirable to carry out depolymerize by cutting off the chain of a fibroin. Moreover, since the solubility 
to water increases by carrying out depolymerize, the use range may spread. 

[0005] Then, an artificer tried to attempt to cut off and carry out depolymerize of the chain of a fibroin 
by hydrolysis by the hydrochloric acid. However, since the hydrolysis by the hydrochloric acid turned 
off the chain at random, control of the molecular weight of hydrolyzate was difficult. The obtained low- 
molecular-weight fibroin also contained considerably that by which molecular weight was decomposed 
even into 150 or less amino acid level. What used this low-molecular-weight fibroin as powder was that 
in which is coloring it yellow and there is a nasty smell and the peculiar taste. When it was going to 
make water remelt this low-molecular-weight fibroin powder, remarkable non-dissolved residue 
remained. In order to remove such an impurity, it was tried to attempt to process with activated carbon. 
Although were obtained and it was powerful, yield became 50% or less and a bad thing. 
[0006] That the low-molecular-weight fibroin manufactured by the conventional approach as described 
above cannot become what has proper molecular weight easily, including an impurity mostly, if the 
process for removing an impurity is added, a production process not only becomes complicated, but 
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yield will become bad. This invention eliminates such a fault and it aims at offering the manufacture 
approach for manufacturing the pure low-molecular-weight fibroin by which molecular weight was 
controlled moderately with sufficient yield. 
[0007] 

[Means for Solving the Problem] In order to attain said purpose, an artificer came to complete this 
invention paying attention to the ability of a proteolytic enzyme (protease) to cut the chain of a fibroin in 
a certain specific part. 

[0008] That is, the manufacture approach of the low-molecular-weight fibroin of this invention dissolves 
the amount fibroin of giant molecules in the water solution containing neutral salt, protease is made to 
live together, and a mean molecular weight makes the polypeptide of 200-4000 generate. 
[0009] A proteolytic enzyme can be used choosing it from AKUCHINAZE, elastase, a chymotrypsin, 
SAMOAZE, a van creatine, a pepsin, a trypsin, renin, a cathepsin, and good TAZE. AKUCHINAZE and 
elastase have a desirable mean molecular weight to making the polypeptide of 200-4000 generate 
especially. The number of peptides is suitable for 3 to about five, average molecular weight is suitable 
for edible [ of 200 to about 500, and a man ], and the low-molecular-weight fibroin obtained especially 
using AKUCHINAZE is excellent also in bioactive. 

[0010] The neutral salt contained in the water solution for dissolving the amount fibroin of giant 
molecules is a calcium chloride or a lithium bromide. Moreover, the water solution containing this 
neutral salt may be made to mix ethanol. 
[0011] 

[Function] In order to hydrolyze the amount fibroin of giant molecules with protease, a value with 
moderate molecular weight and a polypeptide with the sufficient purity in which it was controlled by 
200-4000 generate with sufficient yield. 
[0012] 

[Example] In order to obtain the powder of a low-molecular-weight fibroin from a silk thread, it passes 
through the process as follows. A sericin is removed by it being immersed in 0.5% solution of a sodium 
carbonate, and heating and stirring a silk thread raw material, for example, a refuse cocoon, first, and the 
fiber of a fibroin is obtained. It will dissolve, if the fiber of this fibroin is put in and boiled in 
hydrochloric-acid calcium which is the water solution of neutral salt. Dialysis of this solution obtains a 
fibroin solution. About one amount of hydrolase, for example, elastase, is added to this fibroin solution 
to 1500 amounts of a fibroin. Temperature is kept at about 37 degrees C. The buffer solution is put in in 
order to maintain pH suitable for the activity of hydrolase, the case where hydrolase is elastase - proper 
pH - 8.8 it is - 0.05M tris [tris (hydroxymethyl) aminomethane] can be used as the buffer solution. 
[0013] After enzymatic hydrolysis is boiled promptly, carries out deactivation of the enzyme, and 
divides reaction mixture into supernatant liquor and precipitate according to centrifugal separation. After 
freezing a supernatant and precipitate for about about five days, respectively, it dries with a freeze dryer 
and a low-molecular-weight fibroin is obtained as a powder sample. Yield is calculable by the following 
formula from the powder weight P obtained from the powder weight S obtained from supernatant liquor, 
and precipitate. 
{S/(S+P)} xl00= yield (%) 

Electrophoresis, an infrared absorption spectrum, thermogravimetric analysis (TGA), electron 
microscope photograph photography, gel filtration, and amino acid analysis can investigate the property 
of the obtained low-molecular-weight fibroin. The characterization of the example of an experiment 
which manufactured the low-molecular-weight fibroin by the approach of applying this invention 
hereafter, and the low-molecular-weight fibroin manufactured in the example of an experiment is 
indicated. 

[0014] Asahi Tokai which is a domestic silkworm from a Tokyo University of Agriculture and 
Technology attached Tsukui farm was used for the cocoon which is the raw material of the production 
silk thread of a fibroin solution. The 0.5-% of the weight sodium-carbonate water solution of the amount 
of 50 times which boiled this domestic silkworm cocoon refined twice for 30 minutes, and the sericin 
was removed. The obtained fibroin was dried after rinsing. The refined fibroin was boiled in 40 - 50% 
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calcium chloride water solution of the amount of 20 times, and it dissolved. This was enough cooled at 
the room temperature, and after putting into the cellulose tube underwater and dialyzing for three days, it 
condensed by the air dried. The concentration of a fibroin solution was measured by the dry weight 
method. The obtained fibroin solution was adjusted to concentration 2% of the weight, and hydrolysis 
was presented. 

[0015] Example 1: To effective fibroin 1500 weight of the 2 % of the weight fibroin solution of 
hydrolysis by elastase, elastase was dissolved at a rate of 1 weight, buffer-solution 0.05M tris [tris 
(hydroxymethyl) aminomethane] was put in, pH was kept at 8.8, temperature was kept at 37 degrees C, 
and predetermined carried out the time amount (12 - 48 hours) reaction. After predetermined time 
amount, the fibroin solution was boiled promptly, deactivation of the enzyme was carried out, and 
reaction mixture was divided into supernatant liquor and precipitate according to centrifugal separation. 
Freeze dryer after freezing supernatant liquor and precipitate for about about five days, respectively 
(Tokyo Rikakikai make FREEZEDRYER FDU-830) It dried and the low-molecular-weight-ized fibroin 
was obtained. The powder which was able to obtain the powder obtained from supernatant liquor from 
water-soluble powder and precipitate was used as precipitate, and it considered as the characterization 
sample. 

[0016] in order to check about the optimal enzyme concentration - aforementioned amount of elastases: 
- effective - everything but amount = of fibroins 1 : 1500 - amount of elastases: - effective - amount = 
of fibroins 1 :3000, and amount of elastases: - effective - it hydrolyzed also about the enzyme 
concentration of amount = of fibroins 1:6000, and whenever [ founding / of a solution ] was measured. 
Consequently, as for whenever [ founding .], what has many amounts of enzymes was more high, that is, 
amount of elastases: — effective — amount = of fibroins 1 : 1500 are the optimal enzyme concentration. 
[0017] Also in order to check this, the electrophoresis trial was performed about three kinds of above- 
mentioned sample solutions. lOmicro of fibroin solutions 1 which adjusted solution concentration so that 
it might become [ ml ] in 5mg /was made into the concentration gradient SDS polyacrylamide gel of 
homogeneity with ** 15%. It migrated by 20mA low current for about 2 hours using the buffer solution 
for migration. Gel was dipped in decolorization liquid after migration termination for 12 hours for 2 
hours at ****. electrophoresis - amount of elastases: - effective - it turned out that amount =of 
fibroins 1 : 1500 are the highest as for whenever [ decomposition ]. 

[0018] In order to investigate the time shift of the hydrolysis reaction by elastase, hydrolysis time 
amount investigated the yield in 12 hours, 24 hours, and 48 hours, in addition, a sample - enzyme 
concentration amount of elastases: - effective - it is a thing about amount =of fibroins 1 : 1 500. The 
yield of the water-soluble powder of the low-molecular-weight fibroin by hydrolysis time amount is 
shown in Table 1. 
[0019] 
[Table 1] 

m 1 









1 2 mm 


9 4.8 


5. 2 


2 4 mm 


9 6.6 


3. 4 


4 8 mm 


9 8.7 


1 . 3 



[0020] It turns out that the ratio of precipitate has decreased as hydrolysis progresses from this table 1. 
For obtaining water-soluble powder with the highest yield in predetermined time, 48 hours is desirable. 
Moreover, water-soluble powder occupied 90% or more and high yield also in which time amount. 
[0021] Next, in order to know the terminal point of hydrolysis, pH variation measurement was 
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performed. When hydrolyzing by the alkali side, the amino group is hardly dissociated by this pH. Since 
only an isolation carboxyl group dissociates, it can use that pH of a solution falls gradually and the 
terminal point of hydrolysis can be known. In measurement, FffiURON solution concentration was 
adjusted to 2%, and the amount of enzymes was adjusted as follows. 

(1) amount of elastases: - effective - amount of amount =of fibroinsl: 1500(2) elastases: -- effective - 
amount of amount =of fibroinsl :3000(3) elastases: — effective — amount of amount =of fibroinsl :4500 
(4) elastases: effective — by adding amount =of fibroinsl :60004N NaOH for every fixed time amount, 
by hydrolysis, fine-changed pH was returned to pH=8.8 before reacting, and subsequent pH fluctuation 
was measured using the glass-electrode type hydrogen-ion-concentration meter. The result is shown in 
drawing 1 . It showed almost fixed fluctuation from drawing 1 in 2 hours - 6 hours after the behavior of 
pH variation did not change even if the amounts of enzymes differed, but it showed fluctuation of rapid 
pH. The graph is gone up and down after that. Repeating movement under besides, the amplitude 
becomes small and it is thought that it goes to a terminal point. 

[0022] further - enzyme concentration - amount of elastases: - effective — electrophoresis was 
performed to the low-molecular- weight fibroin obtained by amount =of fibroins 1 : 1500, and whenever 
[ in each time amount / hydrolysis ] was investigated. The evaluation sample used the thing of 1 minute 
- hydrolysis time amount 48 hours. According to this, signs that decomposition progresses till hydrolysis 
time amount 12 hours were observable, but the difference of whenever [ after 12 hour / decomposition ] 
was not understood. 

[0023] henceforth, an evaluation sample - hydrolysis time amount 48 hours, and amount of elastases: — 
effective ~ the water-soluble powder and precipitate of a low-molecular-weight fibroin which were 
obtained in the amount of enzymes of amount =of fibroins 1 : 1500 are used. 

[0024] First, infrared-absorption-spectrum analysis was performed, an infrared spectrophotometer - the 
Shimadzu make - IR-435 ~ using - KBR - it measured by law. Setting the wavelength field to 400- 
4000cm- 1, the sample used the low-molecular-weight fibroin of 48 hours. This result was shown in 
drawing 2 . As for water-soluble powder, absorption was looked at by 1 648cm- 1, 1 534cm- 1, and 
1248cm-l. This is the amide I of a random coil, Amide II, and Amide HI. It is in agreement with 
absorption. Moreover, absorption was looked at by precipitate 1620cm-l, 1530cm-l, and 1230cm-L 
This is Amide I, Amide II, and Amide III. It is in agreement with beta structure. 
[0025] Next, thermogravimetric analysis was performed, thermal -analysis equipment - made in the 
Shimazu work place - the pyrolysis temperature of a sample was measured using DTA-30. The 
Measuring condition was made into the programming rate of 10 degrees C / min, and 30-600 degrees C 
of temperature requirements in air. The second decomposition temperature is temperature (about 290 
degrees C) from which disassembly of silk begins, and a microcrystal is destroyed at this temperature. 
With water-soluble powder, that temperature was about 220 degrees C, and this temperature hardly 
changed, even if time amount passed. The 3rd decomposition temperature was shifted to the low 
temperature side as time amount passed. 

[0026] Next, since the powder produced from the buffer solution was not removed when it freeze-dried, 
in order that this powder might exist in water-soluble powder and precipitate in what kind of condition 
or the surface state of water-soluble powder and precipitate might observe in what kind of thing, the 
electron microscope photograph was taken. Supernatant liquor, the powder obtained from precipitate, 
and 0.05M Only the tris [tris (hydroxymethyl) aminomethane] buffer solution was freeze-dried, and the 
electron microscope photograph of the obtained powder was taken. The powder produced from the 
buffer solution in both water-soluble powder and precipitate was not found. Moreover, irregularity was 
looked at by precipitate, although the front face of water-soluble powder was smooth when both were 
compared. 

[0027] Next, gel filtration was performed in order to investigate the molecular weight distribution of 
water-soluble powder in detail. The glass tube was filled up after making gel swell with distilled water 
using sephadex G-50. The low-molecular-weight fibroin was divided into the mobile phase using 
deaerated distilled water by the rate of flow 10-20 m-cm -2-h-l, and the absorbance of 210nm was 
measured with the spectrophotometer. The result is shown in drawing 3 . This shows that the thing of 
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the amount of macromolecules hydrolyzes to the thing of low molecular weight with the passage of 
time. 

[0028] Next, in order to see the effect of amino acid composition to water solubility and hydrophobicity, 
amino acid analysis was performed. After adding 6-N hydrochloric acid of an amount to water-soluble 
powder and precipitate 200 times and carrying out a reduced pressure mine tube to them, it heated at 1 10 
degrees C for 24 hours. After heating termination, after thinning a sample with a rotary evaporator 
except for a hydrochloric acid with the 1000 times as many sodium-citrate buffer solution (pH=2.2) as 
this, automatic amino-acid-analysis equipment investigated amino acid composition. Consequently, a 
difference was not looked at by amino acid composition among both. 

[0029] Example 2: To effective fibroin 10 weight of the 2 % of the weight fibroin solution of hydrolysis 
by AKUCHINAZE, AKUCHINAZE was dissolved at a rate of 1 weight, buffer-solution 0.05M tris [tris 
(hydroxymethyl) aminomethane] was put in, pH was kept at 7.0, temperature was kept at 37 degrees C, 
and the predetermined time (1 - 24 hours) reaction was carried out. After predetermined time, the fibroin 
solution was boiled promptly, deactivation of the enzyme was carried out, and reaction mixture was 
divided into supernatant liquor and precipitate according to centrifugal separation. After freezing 
supernatant liquor and precipitate for about about five days, respectively, it dried with the freeze dryer 
(Tokyo Rikakikai make FREEZE DRYERFDU-830), and the low-molecular-weight-ized fibroin was 
obtained. The powder which was able to obtain the powder obtained from supernatant liquor from 
water-soluble powder and precipitate was used as precipitate, and it considered as the characterization 
sample. 

[0030] in order to check about the optimal enzyme concentration — aforementioned amount of 
AKUCHINAZE: - effective - amount =of fibroins 1:10, and amount of AKUCHINAZE: - effective - 
amount =of fibroins 1 :20, and amount of AKUCHINAZE: - effective - it hydrolyzed also about the 
enzyme concentration of amount =of fibroins 1 : 100, and whenever [ founding / of a solution ] was 
measured. Consequently, as for whenever [ founding ], what has many amounts of enzymes was more 
high, that is, amount of AKUCHINAZE: - effective - amount =of fibroins 1 : 10 are the optimal enzyme 
concentration. 

[003 1] henceforth - evaluation of the low-molecular-weight fibroin produced in hydrolysis by 
AKUCHINAZE - amount of AKUCHINAZE: - effective - the sample obtained by amount =of 
fibroins 1:10 was used. 

[0032] In order to investigate the time shift of the hydrolysis reaction by AKUCHINAZE, hydrolysis 
time amount investigated the yield in 1 hour, 4 hours, 8 hours, 12 hours, and 24 hours. The yield of the 
water-soluble powder of the low-molecular-weight fibroin obtained by hydrolysis time amount is shown 
in Table 2. 
[0033] 
[Table 2] 

m 2 









i mm 


9 6.0 


4. 0 


4 mm 


9 3.6 


6. 4 


8 mm 


9 2.0 


8. 0 


1 2 mm 


9 0.4 


9. 6 


2 4 mm 


9 0.3 


9. 7 
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[0034] As shown in Table 2, in all the resolving times, the yield of water-soluble powder shows the high 
value of 90% or more. 

[0035] The water-soluble powder of these resolving-time 12 hours performed gel filtration. Gel here 
used sephadex G-15. Other conditions are the same as hydrolysis by elastase. The result of gel filtration 
was shown in drawing 4 . The peak of the amount of giant molecules and low molecular weight has 
come out with some broadcloth from drawing 4 in 1 hour. It became sharp also with the peak of the 
amount of macromolecules, and low molecular weight, and shifted to the low-molecular-weight side as 
time amount passed. The molecular weight of this fibroin was [ the thing by the side of about 550 and 
low molecular weight of the thing by the side of the amount of macromolecules ] about 220. This fibroin 
is the included low-grade polymer 3-5 about peptide linkage. Digestion will become difficult, if a fibroin 
has too much peptide linkage and molecular weight becomes large too much. Moreover, it will become 
the functionally inferior fibroin in case of a with a molecular weight of 150 or less from which there is 
too little peptide linkage and it is obtained by hydrochloric-acid hydrolysis thing. Therefore, the fibroin 
of the molecular weight 220-550 obtained here is a low-molecular-weight fibroin which was most 
excellent functionally. 

[0036] Amino acid analysis of the low-molecular-weight fibroin obtained by hydrolysis by 
AKUCHINAZE was performed. In addition, analytic conditions are the same as that of the case of 
hydrolysis by elastase. 

[0037] The analysis result of the water-soluble powder obtained after performing hydrolysis by 
AKUCHINAZE for 1 hour is shown in Table 3. 
[0038] 
[Table 3] 

* 3 





1 
















(PBOl) 


(■ol%) 






(w tlj 


ASP 


1 


. 565 


i . 


9 5 


0 


.2 08 


2.7 2 


THR 


O 


.787 


0. 


9 8 


0 


.0 94 


1.22 


SER 


8 


.080 


1 0. 


0 6 


0 


. 849 


11.07 


GLU 


1 


. 549 


1 . 


9 3 


0 


.228 


2. 97 


G L Y 


3 2 


.511 


40. 


4 7 


2 


.441 


3 1.82 


ALA 


2 5 


.769 


3 2. 


0 8 


2 


.296 


2 9.93 


C Y S 


O 


- OOO 


0. 


0 0 


0 


. 000 


0. 00 


V AL 


2 


.12 8 


2. 


6 5 


0 


. 249 


3 2 5 


MET 


0 


,575 


0. 


7 2 


0 


.08 6 


1,12 


I L E 


0 


,898 


1 . 


1 2 


0 


.118 


1.54 


LEU 


0 


.712 


0. 


8 9 


0 


.093 


1.22 


TYR 


3 


.764 


4. 


6 9 


0 


. 682 


8.8 9 


P H E 


0 


.853 


1 . 


0 6 


0 


.14 1 


1.84 


H I S 


0 


.335 


O. 


4 2 


0 


. 049 


0.6 4 


L Y S 


0 


.260 


O. 


3 2 


0 


. 040 


0.6 3 


A RG 


0 


.549 


0. 


6 8 


0 


.096 


1-25 



[0039] The analysis result of the precipitate obtained after performing hydrolysis by AKUCHINAZE for 
1 hour is shown in Table 4. 
[0040] 
[Table 4] 
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* 4 



r ^ y i 


















(pnol) 




(noJ%) 




Us) 


(w 


t%) 


ASP 


0 


.522 


0 


« 58 


0 


.070 


0. 


8 6 


THR 


0 


.317 


0 


. 3 5 


0 


.038 


0. 


4 7 


SER 


i 3 


.889 


1 6 


. 3 7 


1 


.460 


1 8. 


1 5 


GLU 


0 


.000 


0 


. 0 0 


0 


.000 


0. 


0 0 


G L Y 


40 


.2 44 


4 4 


. 52 


3 


.021 


3 7. 


5 7 


ALA 


3 0 


.7 78 


34 


. 05 


2 


.742 


3 4. 


1 0 


C Y S 


0 


. 000 


0 


. 0 0 


0 


.000 


0. 


0 0 


VAL 


0 


.674 


0 


. 75 


0 


.079 


0. 


98 


MET 


0 


.641 


0 


. 7 1 


0 


.096 


1 . 


1 9 


I L E 


0 


-489 


0 


. 54 


0 


.0 64 


0. 


80 


LEU 


0 


.503 


0 


. 5 6 


0 


.066 


0. 


8 2 


T Y R 


1 


.17 4 


1 


. 3 0 


0 


.213 


2. 


6 4 


PHE 


0 


.279 


0 


. 3 1 


0 


- 046 


0. 


5 7 


H I S 


0 


.063 


0 


- 0 7 


0 


. 009 


0. 


1 2 


L Y S 


0 


.14 0 


0 


. 1 6 


0 


.022 


0. 


2 7 


ARG 


0 


.673 


0 


. 7 4 


0 


.117 


1 . 


4 6 



[0041] The analysis result of the water-soluble powder obtained after performing hydrolysis by 
AKUCHINAZE for 12 hours is shown in Table 5. 
[0042] 
[Table 5] 



7 


* 
















(pnol) 


d 


uol%) 






(w 


t« 


ASP 


1 


.559 


i . 


9 2 


0 


.208 


2. 


7 6 


THR 


0 


.815 


i . 


0 0 


0 


-097 


1 . 


2 9 


SER 


9 


.13 1 


i i . 


2 4 


0 


.960 


1 2 . 


7 5 


GLU 


1 


. 457 


i . 


7 9 


0 


.214 


2. 


8 5 


GL Y 


3 3 


. 580 


4 i . 


3 3 


2 


.521 


3 3. 


4 9 


ALA 


2 7 


.18 7 


3 3. 


4 6 


2 


.422 


3 2. 


1 8 


C Y S 


0 


.000 


0. 


0 0 


0 


.000 


0. 


0 0 


VAL 


2 


. 078 


2. 


5 6 


0 


.243 


3. 


2 3 


MET 


0 


.45 0 


0 . 


5 5 


0 


0 6 7 


0. 


8 9 


I L E 


0 


. 895 


1 . 


1 0 


0 


.117 


1 . 


5 6 


LEU 


0 


.601 


0. 


7 4 


0 


.079 


1 . 


0 5 


T YR 


1 


.12 2 


1 . 


3 8 


0 


.203 


2. 


7 0 


PHE 


0 


.663 


0. 


8 2 


0 


.110 


1 . 


4 6 


H I S 


0 


.14 2 


0. 


1 7 


0 


.021 


0. 


2 8 


L Y S 


0 


.416 


0. 


5 1 


0 


.065 


0. 


8 6 


ARG 


1 


.15 1 


1 . 


4 2 


0 


. 200 


2. 


6 6 



[0043] The analysis result of the precipitate obtained after performing hydrolysis by AKUCHINAZE for 
12 hours is shown in Table 6. 
[0044] 
[Table 6] 
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m 6 



75 yi 


1 














(pool) 


d 








(w tX) 


ASP 


0 


.201 


0. 


2 8 


0 


.027 


0.2 8 


THR 


0 


.114 


0. 


1 6 


0 


.014 


0. 1 4 


SER 


4 


.079 


5. 


7 8 


0 


.429 


4. 5 1 


GLU 


0 


-051 


0. 


0 7 


0 


.008 


0, 08 


GL Y 


1 2 


. 084 


1 7, 


1 3 


0 


.907 


9.5 5 


ALA 


1 6 


. 894 


2 3. 


9 5 


1 


.505 


15.84 


C YS 


0 


.000 


0. 


0 0 


0 


.000 


0.0 0 


V A L 


0 


.2 08 


0. 


3 0 


0 


.024 


0-2 6 


MET 


0 


.655 


0. 


9 3 


0 


.098 


1-03 


I LE 


0 


. 389 


0. 


5 5 


0 


.051 


0. 54 


LEU 


0 


.276 


0. 


3 9 


0 


.036 


0. 38 


TYR 


3 2 


.843 


4 6. 


5 6 


5 


.951 


6 2.65 


P H E 


1 


.13 4 


1 . 


6 1 


0 


.18 7 


1.97 


H I S 


0 


.376 


0. 


5 3 


0 


.055 


0, 58 


L YS 


0 


.338 


0. 


4 8 


0 


. 052 


0.5 5 


ARG 


0 


.893 


1 . 


2 7 


0 


.15 6 


1. 64 



[0045] So big the difference was not looked at by the amino acid composition of the water-soluble 
powder of a hydrolysis time amount 1 hour, and precipitate so that it might see in Table 3 and Table 4. 
But if the presentation of the water-soluble powder of hydrolysis time amount 12 hours and sediment is 
compared so that it may see in Table 5 and Table 6, the thyrosin which is hydrophobic amino acid is 
contained also about 50-mol% in the way of sediment, and the rate of the serine which is a hydrophilic 
amino acid is falling. That is, although hydrolysis is progressing, the weight of precipitate increases. 
Sediment has many glycines which are the' amino acid which constitutes the crystalline region of silk 
from a hydrolysis initial stage, alanines, and serines, this exists, and many the thyrosin which is the 
amino acid which constitutes the amorphous field, isoleucines, leucines, and phenylalanines into a 
water-soluble part are contained. Although the part in which the hydrolysis to ****** and the peptide of 
the amount of giant molecules which had melted into water till then also started to the terminal point, 
and hydrolysis contained the thyrosin at it precipitates, the peptide which contained the glycine, the 
alanine, and the serine conversely is imagined to be what becomes water solubility by hydrolysis. 
[0046] Next, in order to consider the effect by the autolysis of an enzyme, own amino acid analysis of 
AKUCHINAZE was performed. According to this, most aspartic acids were contained in 
AKUCHINAZE. However, the content ratio (mol%) of the aspartic acid in a low-molecular-weight 
fibroin is very low. I thought that the effect of the amount of enzymes could be disregarded from this. 
[0047] Next, in order to see the effect to enzyme concentration, it hydrolyzed by having changed the 
addition of an enzyme and whenever [ founding / of each fibroin solution ] was measured. The amount 
of enzymes was performed by three kinds, 1 % of the weight, 5 % of the weight, and 10 % of the 
weight. Consequently, whenever [ founding / of a solution / 10% of the weight of] became [ enzyme 
concentration ] the highest. 

[0048] Furthermore, the low-molecular-weight fibroin was obtained from three kinds of same fibroin 
solutions as the above, and gel filtration of water-soluble powder was performed. The result is shown in 
drawing 5 . At the 1 % of the weight of the amounts of enzymes, the peak of the amount of giant 
molecules and low molecular weight became with some broadcloth. If 5 % of the weight is compared 
with 10 % of the weight, the way of 10 % of the weight will shift to a low-molecular-weight side more, 
and the peak will also change keenly. The optimal enzyme concentration could be 10 % of the weight ' 
from these things. 

[0049] Example 3: The water solubility of a low-molecular-weight fibroin was evaluated at the water- 
soluble evaluation last. The sample which freeze-dried the fibroin solution as it was 2%, and was 
obtained, and elastase and the low-molecular-weight fibroin obtained from hydrolysis of 
AKUCHINAZE were added to 2ml of water, and was performed. Concentration to water was carried out 
at 0.5%, 1%, 2%, 5%, and 10%. The result is shown in Table 7. 
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[0050] 
[Table 7] 



m 7 





0.5 % 


1 % 


2 X 


5 % 


10 % 


■r ^ -7 . K j- x-tfi-ifc 

(48 B$[B) 


0 


o 


o 


A 


x 


(12 B$ffi) 


o 


a 


o 


O 


A 


O : O : 






is > 


C 





[0051] Although 2% can dissolve the low-molecular-weight fibroin obtained by hydrolysis by elastase, 
if it becomes the concentration beyond it, it will be hard coming to dissolve. 5% was able to dissolve the 
low-molecular-weight fibroin by AKUCHINAZE hydrolysis. It is thought that this difference is based 
on the difference in the magnitude of molecular weight. 
[0052] 

[Effect of the Invention] As mentioned above, as explained to the detail, by using elastase and 
AKUCHINAZE for hydrolase in hydrolysis of the amount fibroin of giant molecules obtained from a 
silk thread, it is more highly efficient than the fibroin obtained by the hydrochloric-acid hydrolysis 
known conventionally, and the low-molecular-weight fibroin which shows molecular weight 200-4000 
can be obtained. 



[Translation done.] 
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